Background: Monosodium glutamate is used commercially as a food additive and is commonly marketed as a flavour enhancer. It is now used by most fast-food chains and in many food-stuffs, in particular, processed foods. Vitamin C (ascorbic acid) is a very important and powerful antioxidant that works in aqueous environment of the body Vitamin C protects against common cold. Beneficial effects in conditions such as cancer, vascular disease, cataracts, diabetes, asthma, arthritis, Parkinson's disease, autism and depression have also been suggested.
Introduction
THE kidneys are highly vascularized, compound tubular glands that function to maintain the composition of body fluids at a constant level and to remove excretory wastes [1] . Monosodium Glutamate (MSG) is added to foods, it provides a flavoring function similar to naturally occurring free glutamate [2] . It is found in unlimited amounts in a wide variety of packaged foods such as processed meat and poultry, semi-preserved fish and fish products, food supplements [3] . Trade names of monosodium glutamate include Ajinomoto, Vetsin, Ac'cent and Tasting Powder [4] .
MSG is a slow poison which hides behind dozens of names, such as natural flavouring and yeast extract. It is not a nutrient, vitamin, or mineral and has no health benefits. The part of MSG that negatively affects the human body is the "glutamate", not the sodium. The breakdown of MSG typically consists of 78% glutamate, 12% sodium, and about 10% water [5] .
Vitamin C (L-ascorbic acid) is an essential micronutrient required for normal metabolic functioning of body [6] . In living organisms, ascorbate acts as an antioxidant by protecting the body against oxidative stress. It is a powerful reducing agent capable of rapidly scavenging a number of Reactive Oxygen Species (ROS) [7] .
Aim of the work:
The aim of this work was to study the effect of MSG on the histological structure of the kidney and the possible protective role of Vitamin C.
Material and Methods
The research was done in 2016. A total number of sixty adult male albino rats (average weight 180-200gm) were brought from the animal house of Sohag Faculty of Science. They were reared under-the standard conditions of feeding, lightdark ratio and temperature.
Animal used:
Group (I) [control group]: Were given 1ml of saline daily by oral route for one month.
Group (II) [monosodium glutamate treated group]: Were given monosodium glutamate (4 gm/kg of body weight/day, dissolved in saline orally) for one month [8] .
Group (III) [vitamin c-monosodium glutamate treated group]:
Were given Vitamin C (500mg/kg of body weight of/day, orally) [9] then after 2 hours will be given monosodium glutamate (4gm/kg of body weight/day, dissolved in saline orally) for one month.
Monosodium glutamate was obtained from Morgan Company for Chemical Industry (Tenth of Ramadan City-Egypt). Vitamin C ( L-ascorbic acid ) was obtained from Egyptian pharmaceutical industries company. MSG and Vitamin C were in the form of powder, dissolved in saline and each rat was given 1.5cm MSG and 0.5cm Vitamin C orally via syringe (gastric tube).
At the end of the experiment, the rats were anaesthetized by ether then perfused with saline. The abdomens were opened and the kidneys of the control and treated animals were extracted, put in the appropriate fixator (Formalin 10%), cut, and processed for light and transmission electron microscopic studies.
For light microscopic study: The specimens were fixed in 10% neutral buffered formalin and processed for light microscopic study to get paraffin sections of 6µ m thickness. Sections were stained with Haematoxylin and Eosin (H & E) and Masson's Trichrome stain.
For Transmission Electron Microscopic study (TEM):
Specimens were cut in small pieces and fixed in 2.5% glutaraldehyde for 24 hours. Then specimens were washed by sodium cocodylate buffer solution, postfixed in 1% osmium tetraoxide in sodium cacodylate buffer for two hours, then washed and dehydrated in ascending grades of alcohol, ehanol 30%, 50%, 70%, 95%. The specimens were embedded in Mollenhauer's Epon-Araldite formulation and the tissue blocks were polymerized in an oven. Blocks were trimmed with a razor blade and cutting was done by a glass knife in KLB ultramicrotome. Semithin sections were stained with Toluidine blue. Ultrastructural sections were mounted on copper grids, stained with Uranyl acetate and lead citrate and ultrathin sections were examined by transmission electron microscope (Jeol-1010) in Assiut University.
Morphometric and statistical analysis:
Estimation of the mean diameters of the renal glomeruli, proximal and distal convoluted tubules (at magnification 400) was done. Measurements were performed in Haematoxylin and Eosin (H & E) sections, 2-3 sections per animal. In each section five measurements were obtained from five randomly chosen fields using image analysis system (digimizer version 3.7.2005-2010) med-calc software in the Anatomy Department at Sohag University.
Statistical analysis:
Statistical analysis of measurements of mean diameters of the glomeruli, proximal and distal convoluted tubules were done using SPSS soft ware Version 16. Variables were represented by mean ± SD (mean ± standard deviation of mean). One way ANOVA was used to compare the means of these variables between different groups. Finally the significance was considered according to the level of significance p-value as follows: p>0.05 non significant. p≤ 0.05 significant*. p≤ 0.01 highly significant**. p≤ 0.001 (***) → very high significant difference.
Results

Group 1 (control group): Histological study:
By Light Microscopy, the renal cortex appeared formed of the renal corpuscle, proximal convoluted tubules and distal convoluted tubules ( Figs. 1,2 ).
The renal corpuscle was formed of a tuft of capillaries surrounded by a double layer cup called Bowman's capsule. Bowman's capsule consisted of two layers. The outer parietal layer was formed of simple squamous epithelium while the inner visceral layer had modified epithelial cells called podocytes. The space between the two layers was called the urinary space ( Figs. 1,2 ).
The proximal convoluted tubules appeared lined by cuboidal epithelium. The nuclei were spherical and basally located. The apical surface had a prominent brush border (Fig. 2 ).
The distal convoluted tubules were lined by cuboidal epithelium. The epithelial cells lacked the brush border. The nuclei were spherical and apically located ( Fig. 2 ).
PAS stained sections showed a strong positive reaction in Bowman's capsules and in the basement membranes of proximal and distal convoluted tubules. The strong reaction in the brush borders of proximal convoluted tubules was seen ( Fig. 3 ).
Examination of kidney sections of control rat stained with Masson's Trichrom's stain revealed minimal distribution of collagen fibers in the renal corpuscles and throughout the renal tubules ( Fig.  4 ).
Ultra structurally:
The renal corpuscle appeared formed of a glomerular capillary and podocytes. The glomerular basement membranes (basal lamina between the capillary endothelium and the podcytes) appeared with normal thickness. The glomerular capillary was lined by endothelial cells. In between the endothelial cells, there were numerous fenestrations. The podocytes had numerous pedicles (foot processes) interdigitating with neighboring podocytes ( Fig. 5 ).
The epithelial cells of proximal convoluted tubule appeared with well defined border. The nuclei were spherical with prominent nucleolus. The apical surface had a prominent brush border; the cytoplasm was filled with multiple mitochondria (Fig. 6 ).
The epithelial lining of distal convoluted tubules appeared cuboidal with well defined border. The nucleus was large well defined and spherical with prominent nucleolus, the cytoplasm was filled with multiple mitochondria (Fig. 7 ).
Group II (rats treated by MSG):
By LM, the renal cortex of the treated group showed small renal corpuscles with widened Bowman's spaces Fig. (8) . Areas of haemorrhage and congestion were observed inside tubules, interstitial haemorrhage in intertubular spaces and partial destruction of the brush border of proximal convoluted tubules also were seen ( Fig. 9 ). Vaculation of the cytoplasm of the proximal and distal convoluted tubules also noticed ( Fig. 10 ).
PAS stained sections showed moderate positive reaction in Bowman's capsules and tubules. A weak reaction in the brush borders of proximal convoluted tubules was also seen ( Fig. 11 ).
Masson's trichrome stained sections revealed massive degree of distribution of collagen fibers around renal tubules and malpigian corpuscles ( Fig. 12 ).
Ultra structurally:
Ultrathin sections in the renal cortex of rats treated with MSG, the glomerular basement membranes appeared thickened, destructed podocytes also noticed, foot processes of the podocytes appeared normal (Fig. 13 ).
The epithelial cells of proximal convoluted tubule had ill defined borders, destructed apical part and brush border of the cell with multiple vacuoles. The cell rest on relatively thick basement membrane, multiple swollen mitochondria were also observed, the cell contained heterochromatic rounded nucleus. Other area had multiple closely packed microvilli forming the brush border were also noticed ( Fig. 14) .
The lining epithelial cells of distal convoluted tubules appeared with ill defined border, destructed cytoplasm with multiple vaccuolation, swollen and destructed mitochondria also appeared, irregular border heterochromatic nuclei, the cells appeared resting on thick basement membrane ( Fig. 15 ).
Group (III) (Vitamin C + MSG):
LM study; the renal cortex of Vitamin C supplemented group showed restoration of normal shape of renal corpuscles, relatively normal capsular space, some glomeruoli appeared irregular in shape with mild dilatation of urinary spaces (Figs. 16, 17) .
Partial loss of the brush border of the proximal convoluted tubules were noticed. Distal convoluted tubules were relatively normal, some vacuolation of cells of convoluted tubules were also seen Figs. (16, 17) . Mild haemorrhage in interstitial space still present ( Fig. 16 ).
PAS stained sections showed moderate positive reaction in Bowman's capsule and convoluted tubules. A variable strong reaction in the brush borders of proximal convoluted tubules was seen ( Fig. 18 ).
Masson's trichrome stain revealed more or less reduction in the amount of collagenous fibers as compared with the MSG treated group (Fig. 19) . 
Ultra structurally:
Ultrathin sections in the renal cortex of Vitamin C supplemented + MSG showed restoration of normal shape of glomeruoli, restoration of the normal thickness of glomerular basement membranes. The podocytes with normal shape and had numerous pedicles (foot processes). The glomerular capillary was lined by endothelial cells. In between the endothelial cells, there were numerous fenestrations (Fig. 16 ).
The lining epithelial cells of proximal convoluted showed restoration of their normal shape, the cells showed intact brush border, cells showed euchromatic nuclei with prominent nucleolus and multiple swollen mitochondria still present, cells were seen resting on normal basement membranes (Figs. 21) .
The lining epithelial cells of distal convoluted tubules were resting on a relatively normal thickness basement membrane. The cells restore their normal shape, they had euchromatic nuclei with well defined border and the cytoplasm was filled with mitochondria ( Fig. 22 ). 
Discussion
The kidney is rich in glutamate receptors so becomes target for glutamate in MSG [10, 11] . The MSG, in the blood, dissociated into sodium and glutamate. The glutamate is filtrated though the renal corpuscles and passed in the convoluted tubules of the cortex so they become liable to the toxic effects of MSG [12] .
The changes of the renal cortex after MSG treatment was confirmed by previous studies which showed degenerated glomerular capillaries tufts and widened Bowman's space in kidneys treated with MSG [11, 12] .
On studying the effect of MSG on the kidneys researches found that there were areas of interstitial haemorrhage and congested blood capillaries in rats treated with high dose MSG [13, 14] .
Another study showed destruction of the brush border of PCT with loss of its brush border, vacculation of the cells of PCT & DCT and widened of their lumena in rats treated with MSG [15, 16] .
Lipid peroxidation following MSG treatment leads to loss of membrane integrity and vascular endothelial damage [17] . The increase in the nitric oxide production follow the MSG treatment cause vascular congestion as it is a powerful vasodilator [10] .
The mechanism of tubular injury is mainly due to the oxidative stress which detected by excessive production of Free Radicals (FR) and Reactive Oxygen Spices (ROS) [18] . The ROS generation causes cellular injuries as they reacts with polyunsaturated fatty acids of cell membrane leading to peroxidation of unsaturated fatty acids in the biological membranes, depolymerization of polysaccharides, inactivation of the cellular enzymes and induction Deoxyribonucleic Acid (DNA) breaks [19, 20] .
Cellular degeneration has been reported to result in cell death which is of two types namely apoptosis and necrotic cell death [21] .
The strong reaction in Bowman's capsules and the basement membrane of PCT & DCT, a weak reaction in the brush border of PCT as the MSG induced hyperglycemia that enhanced type IV collagen production which is the main components of the basement membranes [10, 22] . EM results of MSG treated group were confirmed by previous study which reported that the proximal tubules showed swollen mitochondria and small vacuoles in rats treated with MSG [10] .
The increase in the thickness of the basement membranes of glomeruli, proximal and distal convoluted tubules was explained by the theory that MSG induced hyperglycemia that enhanced type IV collagen production which is the main components of the basement membranes [22] .
In the current study administration of Vitamin C presented a protective effect against MSG as it decreased the accumulation of the connective tissue and restored the carbohydrate contents. These results concour with previous studies which showed that positive PAS reaction indicating restoration of carbohydrate content and reported also that there was reduction in the amount of collagen fibers in vitamin C-MSG s supplemented group as compared with MSG treated group [23] [24] [25] .
Vitamin C decreases apoptosis of proximal tubular epithelial cells, degree of glomerular injury and tubulo-interstitial damage in diabetic rats without significantly affecting plasma glucose [26] .
Dietary antioxidants such as Vitamin C, Vitamin E and queritn have a protective effect against oxidative stress induced by MSG [27, 28] .
The electron microscopic results were confirmed by another study on the effect of Vitamin C on diapetic rat and found that it reduce the thickness of glomerular basement membrane as Vitamin C helped alleviation of the renal degeneration by protecting the glomerular structures from oxidative injury [29] .
The results of the present study Vitamin C-MSG treated rats showed that the apices of the PCT cells restored the microvilli, this was confirmed by a study which found [30] .
Vitamin C exerts an inhibitory effect on the levels of lipid peroxidation of all examined kidney tissues of rats treated with Vitamin C after MSG that restored the membrane integrity of PCT and DCT [25] .
Conclusion:
• Monosodium Glutamate (MSG) causes toxic effects on the renal cortex as atrophy of renal glomeruli and loss of the brush border of PCT and dilatation of DCT.
• Vitamin C can improve these toxic changes occurred by MSG on the kidney tissue as restoration of the size of glomeruoli and tubules.
